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Abstract. The CMS experiment is a multi-purpose detector success- 
fully operated at the LHC where predominantly pp collisions take place 
at various centre of mass energies up to y/s = 8 TeV at present. Dis- 
cussed are pp collision results until end of 2011, corresponding to centre 
of mass energies of up to y/s — 7 TeV. The excellent performance of the 
accelerator and the experiment allows for dedicated physics measure- 
ments over a wide range of subjects, starting from particle identifica- 
tion, encompassing Standard Model measurements in multijet, boson, 
heavy flavour and top quark physics, building the basis for new physics 
searches interpreted within the framework of various models and theo- 
ries. 

1 Introduction 

The performance of the Compact Muon Solenoid (CMS) experiment pQ is discussed 
in detail, followed by measurements dedicated to give a more accurate account of 
the Standard Model (SM) by means of multijet and boson production, followed by a 
rich B physics programme including the observation of a new resonant state and 
setting severe constraints on new physics by means of searches for B9 d , — > 
decays. Furthermore the heaviest Standard Model candle - the top quark - is produced 
copiously at the Large Hadron Collider (LHC), providing the opportunity for detailed 
studies of ti and single top production cross sections as well as measurements of top 
quark properties, most prominently its mass, which allows together with precision 
measurements of the W boson mass to set indirectly constraints on the Brout (alias 
Higgs) boson mass. Various search channels are discussed and combined. The search 
for supersymmetry is exemplarily elaborated for hadronic, semi-leptonic and leptonic 
final states, followed by a summary of excluded mass scales in simplified model spectra 
and exclusion limits in the phase space of the constrained Minimal Supersymmetric 
SM (cMSSM). Finally exotic searches are presented, encompassing searches for TeV 
gravity and various other models in lepton, lepton plus jet and jet final states. 
Throughout this article the convention c = 1 is adopted for the speed of light. 

2 CMS status and operation 

The CMS Q] experiment is a multi-purpose detector operated a the LHC at CERN. 
In the barrel part of the detector concentric around the beam pipe are installed from 
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inside to outside three layers of silicon pixels, surrounded by ten layers of silicon 
strips. This inner tracking system is surrounded by the electromagnetic crystal and 
the hadronic brass sampling calorimeter. A superconducting solenoid with a magnetic 
field of 3.8 T is surrounding the hadronic calorimeter with its purpose to bend charged 
particle tracks, which in turn allows the determination of their momenta once the 
particle type is identified. Outside of the magnet are located four layers of gaseous 
muon chambers, embedded between the iron return yoke to focus the magnetic flux 
inside the detector volume. Similar detector technologies are implemented in the 
endcaps in form of disks for hermetic coverage. 

The different subsystems of the CMS detector are operational to 98% in average 
(see Fig. [TJ left), ranging from the highest data taking efficiency of nearly 100% 
reached by the hadronic calorimeter, to the lowest data taking efficiency of 96.3% 
of the silicon strips. Altogether there are bout 80 million channels to be read out. 
The high efficiency helps to keep the reconstruction and the comparison to simulation 
simple. 

The rate of pp collision produces a data volume corresponding to about 2 TB per 
second. To reduce this huge amount of data to a manageable size, a Level- 1 trigger 
based on fast electronics implemented in programmable chips is employed. With an 
acceptance rate of up to 100 kHz the data is then send to a computing farm at CMS 
with 1600 multicore Linux PC's, where the events are scrutinised with more sophis- 
ticated algorithms to make a final decision at this High Level Trigger [5] (HLT), if a 
given event might be of interest or can be discarded. The HLT accept rate can reach 
values closely above 1000 Hz. The rate of the most important triggers at HLT level 
agree with simulation within 5%. Over 300 TB local disk space permits the temporary 
storage of the data for up to one week. In normal operation the data is send contin- 
uously to the CERN computing centre for storage, reconstruction and distribution 
to computing centres around the world. An overview of the CMS infrastructure and 
data flow is depicted in Fig. [U right. 

In 2011 up to 130 pb" 1 of integrated luminosity per day have been recorded [3] [I]. 
Peak luminosities up to 37 ■ 10 32 Hz/cm 2 have bean reached and an integrated lu- 
minosity of 5.7 fb _1 has been delivered by the LHC. The recorded data undergoes a 
certification process where depending on the operationality of the various sub-detector 
systems and the needs for dedicated physics analyses two dataset categories are estab- 
lished. 85% of the data are certified as good where all sub-detectors have been fully 
operational. 90% of the data are certified as good for muon analyses disregarding 
calorimeter quality. 




Fig. 1. Active fraction of the CMS subdetectors (left). In the average 98% of the detector 
is operational. On the right is shown an overview of the LHC experiments, in particular the 
CMS experiment with its infrastructure and data flow. 
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The number of parasitic pp collisions (referred to as pileup events) accompanying 
a high energetic scattering of interest in a single LHC beam crossing is distributed 
according to a Poisson statistics with an average number of nine to ten events in 
2011 and up to 25 events expected in 2012. In general the distinct vertices can be 
reconstructed to sort out interesting high energetic physics events from additional 
low energetic scattering background. The number of pileup events increases with the 
number of instantaneous luminosity. A compromise is made between high luminosity 
and clean events for an optimised discovery potential. 

At present proton proton collisions take place at the LHC with a centre of mass 
energy of y/s — 8 TeV with a proton bunch spacing of 50 ns. Data at previous centre 
of mass energies of t/s = 0.9, 2.76 and 7 TeV with the same bunch spacing have been 
analysed and are presented here. Dedicated run periods with heavy ion collisions at a 
centre of mass energy of 2.75 TeV per nucleon do also take place. One of the primary 
goals why the LHC has been built is the discovery of new physics, in particular the 
electroweak symmetry breaking mechanism, also referred to as Brout-Englert-Higgs 
(BEH) mechanism which has been primarily conceived to endow the particles with 
mass. Experimental analysis of this mechanism will allow to probe the mathematical 
consistency of the Standard Model (SM) of particle physics beyond the TeV energy 
scale. The exploration of new energy frontiers at collider based experiments opens new 
possibilities on the way toward a unified theory. Potential discoveries could reveal the 
existence of supersymmetry, extra dimensions or dark matter at accessible energy 
scales. Parallel to the searchs for new particles and phenomena a rich programme of 
SM physics in various domains, like multijet production, electroweak vector boson 
production, heavy flavour physics and top quark physics are conducted. 

Exclusively results based on data taken in pp collisions until end of 2011 are shown 
in the following. 

3 Particle identification 

Particles are reconstructed and identified using a particle flow algorithm which com- 
bines the information of the different subdetector systems to distinguish charged and 
neutral hadrons (most prominently pions, kaons, protons and neutrons), photons, elec- 
trons, muons. The reconstructed and identified particles are then used to construct 




P [GeV/c] p T [GeV/c] 

Fig. 2. Logarithmic energy loss in the silicon tracking system as a function of particle 
momentum (left) and transverse momentum distribution of the different particles (right) in 
pp collisions at a centre of mass energy of yfs — 2.76 TeV. 
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jets with an anti-fc^ algorithm 5 [6 (with a distance measure of R = 0.5 in general), 
missing transverse energy $t and hadronically decaying (one- and three-prong) taus. 

The momentum, transverse momentum and particle multiplicity spectra of iden- 
tified charged hadrons are measured in pp collisions at centre of mass energies of 
s/s — 0.9, 2.76 and 7 TeV [7]. Charged pions, kaons and protons are distinguished 
by means of energy loss in silicon tracks and the consistency of track fits. The cor- 
rected spectra are compared to various underlying event tunes and event generators. 
In Fig. [5] (left) the logarithmic energy loss in the silicon tracking system as a function 
of the particle momenta is shown for different charged particles. The right plot shows 
the particle multiplicity spectrum as a function of the particle transverse momentum. 
The average pt of pions, kaons and protons increases rapidly with the particle mass 
and the event charged particle multiplicity. No dependence of the hadronic centre of 
mass energy can be observed. The average px of protons can not be reproduced by 
any model. 



4 Standard Model physics 

The well known SM particles which have been originally discovered over the last 
century, starting with the discovery of the muon in 1933, followed by the pion, kaon, 
hyperon, J/t/j, T, the W and Z vector bosons and the top quark in 1995, have all been 
rediscovered at CMS between 2006 and 2011. This demonstrates the well understood 
performance of the CMS detector, trigger and software. 

Inclusive differential jet cross sections have been measured and Parton Density 
Function (PDF) constraints set in inclusive jet production [8]. Transverse jet mo- 
menta extend up to 2 TeV and invariant dijet masses up to 5 TeV. The data are cor- 
rected for detector effects to obtain the hadronic final state and they are compared to 
perturbative QCD at Next-to-Leading-Order (NLO) augmented by non-perturbative 
corrections to avoid phenomenological model dependence of the corrected data. Good 
agreement is observed between data and the prediction from theory. 

Another important aspect of SM physics can be tested in the sector of electroweak 
physics by means of vector boson production. The recent measurement of the Drell- 
Yan differential and double differential cross section [S] in the electron and muon 
channels as a function of the invariant dilepton mass and the rapidity \y\ of the 
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Fig. 3. Various vector boson cross section measurements (left) in comparison to theory 
prediction and the ratio of electroweak observables (right) with respect to the theory pre- 
diction. 
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dilepton system demonstrates good agreement with respect to NNLO [TU] predictions 
and proton PDF's. 

The first observation of Z — > 4£ production has been made [TT] . It constitutes an 
important background process for H — > ZZ — > 4£ production. The second lepton pair 
can be produced via a virtual photon from radiation in the initial or final state. The 
branching ratio has been measured to be BR(Z — ¥ At) — [4.4+J;g(stat) + 0.2(syst)] x 
1CP 6 in good agreement with the SM prediction of 4.45 x 10~ 6 . 

The Drell-Yan forward backward asymmetry Aps has been measured |12j in dif- 
ferent \y\ bins as a function of the invariant dilepton mass. e + e~ and n + fi~~ channels 
have been combined. It is the first time that this observable has been measured in 
the channel at a hadron collider. The measured distributions are unfolded to 

the Born level and in good agreement with the SM prediction. 

Various vector boson cross section measurements [T3] [2] [IS] as well as exclusion 
limits for the production of a scalar bosonJTB] have been established as depicted in 
Fig. [3] (left plot) encompassing vector boson plus inclusive jet production, vector 
boson plus photon production, diboson production and search for H — > ZZ. The 
right plot shows the CMS data over theory ratio of many electroweak observables 
indicating agreement between measurement and SM theory predictions. 



5 Heavy flavour physics 

A typical signature of B hadron decays is the production of muons. In particular muon 
pair production is of interest with respect to neutral resonance decays like J/ip, ^s(d)' 
T, etc. Dedicated dimuon triggers are implemented to improve the statistics and thus 
the significance of relevant analysis channels. The invariant dimuon mass distribution 
is shown in Fig. UJ left. The data has been collected with various dimuon triggers 
during the first 1.1 fb _1 of data taking in 2011. The coloured areas correspond to 
dimuon triggers with low transverse momentum (px) thresholds collected in narrow 
mass windows. The light gray continuous distribution represents events collected with 
a high px threshold dimuon trigger. The dark gray band indicates a "quarkonium" 
dimuon trigger employed during the first 220 pb _1 of 2011 data. 

A new baryon resonance S*^ containing a b quark flavour has been observed [17j 
via its strong decay into The known baryon is reconstructed via the decay 




Fig. 4. Dimuon invariant mass distribution (left) collected with various dimuon triggers, 
making use of various low and high pr thresholds. On the right shown is a summary of CMS 
B hadron cross section measurements in comparison to theory prediction at NLO accuracy. 
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chain — ¥ J/ipS^ with J/ip —} and H ± — > yl°7r ± whereas the A in turn is 

reconstructed via its decay into pir~ (and optionally charge conjugated A — > pir + ). A 
peak is observed in the distribution of the difference between the mass of the Ez^tt^ 
system and the scalar sum of the masses of the and the ir T , with a statistical 
significance of 6.9 standard deviations. The mass difference of the peak corresponds 
to 14.84 ± 0.74(stat) ± 0.28(syst) MeV. Most likely the new state corresponds to the 
J p = 3/2 + companion of the Ezf~ . 

A summary of B hadron production cross section measurements performed with 
the CMS experiment in pp collisions at a centre of mass energy of yfs = 7 TeV is 
given in Fig. 2] right plot. The inner error bars of the data points correspond to 
the statistical uncertainty, while the outer (thinner) error bars correspond to the 
quadratic sum of statistical and systematic uncertainties. The outermost brackets 
indicate to the total error, including a luminosity uncertainty added in quadrature. 
The measurements are in good agreement with theory predictions at NLO, obtained 
by means of MC@NLO [TS] [H] . 

A search for the rare decays B®, d ^ — > i s performed [3D] making use of an 

integrated luminosity of 5 fb _1 . The decays into a charge conjugated muon pair are 
highly suppressed in the SM: BR(B° -> (J, + n~) = [3.2 ± 0.2] • 1CT 9 and BR(B a d -> 
[i + = [1.0 ± 0.1] • 10~ 10 . This decay mode is indirectly sensitive to new physics. 
For example in the MSSM the branching ratio is proportional to the sixth power of 
the vacuum expectation ratio tan/3. The analysis exploits a low px dimuon trigger 
and is done blind, making use of the decay B + — > J / ipK + for normalisation. Effi- 
ciency is determined in control regions by means of the decay mode B° — > J/jp(f>. In 
both decays, B° s and B®, the number of events observed after all selection require- 
ments is consistent with the expectation from background plus standard model signal 
prediction. The resulting upper limits on the branching fractions at 95% Confidence 
Level (C.L.) are BR(B° S -> n + fJL~) < 7.7 • 10" 9 and BR{B° d -> m + aO < 1-8 • 10" 9 . 
A combination of the CMS results with those of the ATLAS and LHCb experiments 
improves the upper limits on the branching fractions to BR(B® — > < 4.2 • 10 -9 

and BR(B a ->• < 8.1 ■ 10" 10 , both at 95% C.L. 

In [21] CMS and LHCb limits are exploited to put severe constraints on allowed 
phase space of supersymmetry and other theories. Most Beyond the SM (BSM) ex- 
tensions are able to cope with SM BR(B®^ — > but new physics could have 
well shown up already. 



6 Top quark physics 

The top quark is the heaviest known particle to-date and it is produced pair-wise 
or singly with associated particles. The it production at the LHC in pp collisions is 
dominated by gluon gluon fusion ( 90%), the remainder being due to quark antiquark 
annihilation ( 10%). At a centre of mass energy of ^fs = 7 TeV the NLO cross 
section [IB] yields 158 pb and the approximated NNLO cross section [35] 163 pb. In 
the SM the top quark decays almost exclusively into a W boson and a b quark. The 
W boson in turn decays in 2/3 of cases into a qq pair and in 1/3 of cases leptonically. 
Single top quark production is dominated by the i-channel with a cross section of 
64 pb at y/s — 7 TeV. Followed by the tVl^-channel with 15.6 pb and the s-channel 
with 4.6 pb. 

The ti cross section measurements [33] are done in all possible decay channels 
by means of a binned likelihood fit. The left plot of Fig. [5] shows the different decay 
channel measurements in comparison to theory. The dilepton channel is treated as a 
counting experiment. The hadronic channel making use of an unbinned likelihood is 
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Fig. 5. For pp collisions at yfs = 7 TeV: tt cross sections (left) of various decay channels 
and the combination based on 2010 data and LHC top mass determinations and combination 
(right). 



taken as one bin. The Best Linear Unbiased Estimate (BLUE) method [21] is used 
as a cross check for the combination of the different channels taking into account 
correlations between different contributions to the measurements. The combined cross 
section yields a(tt) = 165.8 ± 2.2(stat) ± 10.6(syst) ± 7.8(lumi) pb in good agreement 
with theory at NLO and approximative NNLO order. The relative error of the cross 
section da /a amounts to 8%. 

The tt production cross sections in pp and pp collisions are also compared to 
theory at NLO and approximative NNLO order as a function of the hadronic centre 
of mass energy [35] . Good agreement between the measurements and the prediction 
from theory is observed. 

Single top quark production has been measured [26j in the t-channel with the W 
boson decaying leptonically as a = 70.2 ± 5.2(stat) ± 10.4(syst) ± 3.4(lumi) pb. In the 
iTU-channel a signal significance of 2.7 standard deviations has been determined. The 
t-channcl single top production is also being exploited for a direct measurement of the 
CKM matrix element |V t6 | = y/aJa?™(\Vt b = 1|) = 1.04 ± 0.09(exp) ± 0.02(theo). 

The top mass combination of CMS 2010 and 2011 results in the dilepton and 
lepton plus jets channels are obtained by means of the BLUE method and yield 
Wtop = 172.6 ± 0.4(stat) ± 1.2(syst) GeV. This result is competitive with Tevatron 
results. Furthermore a LHC and Tevatron top mass combination also making use of 
the BLUE method yields m t0 p = 173.3 ± 0.5(stat) ± 1.3(syst) GeV [27]. 



7 Standard Model Brout (alias Higgs) physics 

The electroweak symmetry breaking mechanism, also referred to as Brout-Englert- 
Higgs (BEH) mechanism has been primarily conceived to endow the particles with 
mass. Experimental analysis of this mechanism will allow to probe the mathematical 
consistency of the Standard Model (SM) of particle physics beyond the TeV energy 
scale where divergences of the theoretical description can be prevented by means of 
loop corrections taking contributions and couplings to a scalar Brout (alias Higgs) 
boson into account. Several production mechanisms contribute at the LHC, namely 
the dominant gluon fusion process, the subdominant vector boson fusion and the 
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associated production process. The associated production via a vector boson suffers 
a high level of multijet background and is less favoured compared to the Tevatron 
where the reach is limited to relatively low masses [35] . The associated production in 
ti events is too small for consideration within an integrated luminosity of C = 5 fb _1 . 

The Brout boson Yukawa coupling strength is proportional to the mass of the 
particles, favouring the coupling via a top quark loop. Photons and gluons can only 
couple indirectly. The decay modes and branching ratios depend on the Brout mass. 
Most decay modes are pursued by CMS. 

Electroweak precision measurements by LEP, SLD and Tevatron are sensitive 
to the Brout boson mass via radiative corrections. The W boson (accuracy about 
15 MeV) and top quark mass (accuracy about 900 MeV) provide constraints as well 
as electroweak parameter fits [3U] [30] > indicating a preference for a light mass of the 
Brout boson. 

The most promising channel in the mass range of 110 < ran < 150 GeV is H — > 
77. This channel provides a clean two photon final state topology. Electromagnetic 
energy scale and resolution are determined from Z — > ee, W — > ev, tt° channels, E/p 
and laser calibration for transparency corrections of the crystals of the electromagnetic 
calorimeter accounting for transparency loss due to irradiation. The corrected energy 
scale has been kept stable to the 0.1% level in 2011. The better are the resolutions 
the less statistics is needed to achieve the same significance of signal over background. 
The CMS measurement [31] makes use of multivariate analysis via Boosted Decision 
Trees (BDT) for reconstruction of the primary vertex and identification of photons 
and the diphoton system. About 20% improvement is obtained compared to a cut 
based analysis. Five different significance classes are employed and optimised for 
expected limits. Based on an integrated luminosity of L — 4.76 fb _1 various intervals 
in the mass range of 110 < mjj < 150 GeV are excluded. 

A search for a neutral (pseudo-) scalar boson decaying into a pair of taus is pursued 
by CMS [31] • The analysis is sensitive to SM and MSSM scenarios. A neutral (pseudo- 
scalar boson is produced either directly (via a top loop) or via Vector Boson Fusion 
(VBF) with associated jets. In the case of MSSM a pseudoscalar boson <p in association 
with &-jets is produced. The direct production suffers from a large Drell-Yan back- 
ground. Therefore boosted rr final states are considered in three topologies: fi + Th, 
e + Th and fie, making use of BDT's in three different SM scenario event categories: 
a) at most one jet giving rise to clean direct production, b) boosted boson, giving rise 




Fig. 6. 95% C.L. exclusion limits for a pseudoscalar boson interpreted within the MSSM 
framework in the phase space of tan /3 as a function of tua (left) and for the scalar SM Brout 
(alias Higgs) boson as a function of its mass (right). 
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to a high energetic recoil jet and c) VBF giving rise to two forward jets and rapidity 
gaps. In the SM scenario sensitivity can be obtained for 110 < mu < 145 GeV with 
the best expected sensitivity at run — 120 GeV. For the MSSM scenario the associ- 
ated production of 6-jets is exploited in making use of tagging, tan/3 can be excluded 
down to 7.1 at a pseudoscalar boson mass of tua = 160 GeV. The limits at 95% C.L. 
in the phase space of tan/3 as a function of tua are shown in Fig. [5] left plot. 

The combined CMS Brout (alias Higgs) boson exclusion limits at 95% C.L. [55] 
making use of the eight analysis channels encompassing the five decay modes 77, 
bb, t + t~, W + W~ and ZZ are shown in Fig. [6] right plot. Sensitivity is expected 
between 117 and 543 GeV. The observed limits range from 127 to 600 GeV. The 
global significance of observing an excess with a local significance 3.1<7 anywhere in 
the search range of 110 - 145 GeV is estimated to be 2.1o\ 



8 Search for supersymmetry 

In the supersymmetric extension of the Standard Model corresponds to each SM par- 
ticle a supersymmetric partner particle with identical gauge quantum numbers but 
spin differing by 1/2. The highest expected production cross sections of supersym- 
metric particles at the LHC are given by gluino and squark pair production, followed 
by the electroweak production of charginos and neutralinos. The decay topology and 
kinematics is characterised by high transverse momentum jets, $t due to the unde- 
tected Lightest Supersymmetric Particle (LSP) and neutralino and chargino decays 
into SM fermion pairs and the LSP. 

A CMS search for supersymmetry with Razor variables [51] exploits an event 
boost into the Razor frame Aongitudinai = (Pz(ji) +Pz(h))l ( E (ji) + E (h)) which cor- 
responds approximately to the longitudinal projection of the partonic centre of mass 
frame. New physics signal is characterised by a broad peak in the longitudinal invari- 
ant mass Mr = y/{E(ji) + E(j2)) 2 + (p z (ji) +Pz(j2)) 2 distribution. The transverse 
mass My = l/2^/B T (p T (j 1 ) +PTO2))- $t(pt(ji) + PrO'2)) is introduced to build 
the dimensionless variable R = My /Mr which in turn is exploited to discriminate 
signal from background in a two-dimensional likelihood fit in the phase space of R 2 
vs. Mr. Exclusion limits are derived in the cMSSM framework of minimal SUper 
GRAvity (mSUGRA) and exposed in the phase space of gaugino mass Tni/2 as a 
function of the scalar mass mo assuming tan/3 = 10, triliniar coupling A$ — GeV 
and sign /i > 0. 




Fig. 7. Range of excluded mass scale in Simplified Model Spectra (SMS) in hadronic (left) 
and leptonic (centre) analysis channels. At the right is shown the cMSSM exclusion limits 
summary in the mSUGRA plane of mi/2 vs. mo for tan/3 = 10, Aq = 0, /1 > 0. 
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Another search for new physics [35] makes use of the jet-Z-balance JZB = \ — 
SjctsP^I ~ Ip(^)I m the event to discriminate between background (predominantly 
if + jets and tt) and signal which populates larger values of JZB. Three signal search 
regions: JZB > 50, 100, 150 GeV are established to set limits on the cross section 
and on neutralino LSP scenarios. 

A search for new physics in same-sign dilepton events [36. is looking for two 
like-sign leptons, jets and fix in various search regions of f$x and the scalar sum of 
hadronic transverse energy Ht- Exclusion limits are derived in mSUGRA phase space 
and for simplified models with pp — > gg production and g — > qrjQ decay described 
by an effective Lagrangian. 

A range of excluded mass scales in Simplified Model Spectra (SMS) is obtained [37] 
and shown in Fig. [Jj left chart for models in hadronic decay channels and centre chart 
for models in leptonic decay channnels. Constrained MSSM exclusion limits in the 
toi/2 vs. mo phase space of mSUGRA for tan/3 = 10, Aq = GeV and /i > are 
shown in Fig. [JJ right plot for various supersymmetric searches. Squark and gluino 
masses are excluded up to the multi-TeV-range depending on the considered phase 
space point. 



9 Search for exotic signatures 

The searches for exotic signatures cover a wide range of models and phenomenologies 
starting with TeV scale gravity. The remainder of discussed searches are of too varying 
types and are therefore categorised according to their final state into searches in 
lepton, lepton plus jets and jet production. 

A search for Dark Matter (DM) and Large Extra Dimensions (LED) in the pho- 
ton plus final state is conducted [35]. The ADD [10] LED model assumes the 
production process qq — > jG where the graviton G leaves the detector without inter- 
action. For models with 3 — 6 LED's, extra-dimensional Planck scales between 1.65 
and 1.71 TeV are excluded at 95% C.L as depicted in Fig. [5J (left). The dark mat- 
ter model [39] assumes dark matter pair production qb — > "/DD where again only 
the photon is expected to be detected. A DM contact interaction scale /l(m mc diator) 
is introduced where spin (in-) dependent interactions through (vector-) axial-vector 
couplings are described. Limits at 90% C.L. for comparibility with astrophysics ex- 
periments are derived. Cross sections for the production of x DM particles in the 
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7 + $t final state of 13.6 — 15.4 fb are excluded. These are the most sensitive up- 
per limits for spin-dependent x~nucleon scattering for \ masses M x between 1 and 
100 GeV (see Fig. [5]). For spin- independent contributions present limits are extended 
to M x < 3.5 GeV. 

A search for microscopic black holes [H] is exploiting the expected energetic multi- 
particle final state in requiring the scalar event sum St of transverse momenta of 
jets, photons, leptons and J^t above a certain threshold S™ 111 in bins of TV final state 
objects reconstructed in the event. This discriminating variable is insensitive to Black 
Hole (BH) evaporation details. Model independent limits in the multi-TeV range are 
obtained for 3 < N < 8 by treating the measurement as a counting experiment and 
looking for an excess over SM prediction. Limits in the multi-TeV range on a Quantum 
BH mass as function of the extra-dimensional Planck scale Mp> for n extra-dimensions 
are obtained, too. Further limits on a minimum string-ball mass and a semi-classical 
BH mass are derived, subject to the constraint that the model approximation breaks 
down for mgjf ~ 3 - 5M D . 

A search for Randall-Sundrum (RS) gravitons in jet plus J^t events j32] is looking 
for the first spin-2 resonance R* of Kaluza-Klein modes in the decay channel G* — > 
ZZ — > qqvv. The Z bosons are in general highly boosted. Therefore the event selection 
is expecting a collimated qq single jet plushy. Exclusion limits at 95% C.L. are set 
on a x BR in the range of 0.047 to 0.021 pb for graviton masses of 1000 < Mq* < 
1500 GeV. Relaxing the perturbative regime of the coupling over Planck scale ratio 
from fc/Mpi < 0.1 to fc/Mpi < 0.3 following [13] and translating the cross-section 
limits to the parameter space spanned by Ma* and k/Mp\, limits on the relative 
coupling parameter k/Mpi in the range of 0.11 to 0.29 are obtained in the considered 
resonance mass range of 1000 < M<;. < 1500 GeV. The width of the graviton G* 
becomes large for high values of k/Mp\. A stable signal selection efficiency could be 
achieved for 0.05 < k/M P \ < 0.3. 

A search for anomalous production of multilepton events |44) is pursued. Electrons, 
muons and taus decaying leptonically as well as hadronically (1-prong only) are con- 
sidered in the final state. i?-parity is defined as Rp — (_i) 3 - B + i + 2S with B = baryon 
number, L = lepton number and S — spin. For SM particles holds Rp — +1 and for 
supersymmetric ones Rp = — 1. Supersymmctric RPV scenarios are established by 
means of an effective Lagrangian Wft P = \X l j k L i LjE k + X' ijk L l Q j D k + \X" jk UiDjb k 
containing Rp violating couplings with generation indices i, j, and k. L and Q are 
the lepton and quark SU(2)l doublet superfields and E, D, and U are the charged 
lepton, down-like quark and up-like quark SU{2)l singlet superfields, respectively. 
The considered scenarios are constrained to short decay lengths of the LLE coupling 
L(Xijk) < 100 fim and prompt decays of the UDD coupling A" jfc . Only one of the 
couplings Xijk, AL fe and X'!- k is assumed to be different from zero simultaneously for 
consistency with the long proton lifetime. In particular a leptonic Rp violating sce- 
nario (L-RPV) with \jk 7^ 0, X'ijf. = Xijk = 0" and a hadronic Rp violating scenario 
(H-RPV) with Xijk — Kjk — an d X'(j k ^ are considered. Exclusion limits at 95% 
C.L. on a slepton co-Next-to-Lightest Supersymmetric Particle (co-NLSP) scenario 
with X efJiT 7^ are established in the phase space of rrig vs. mj, exceeding significantly 
previous searches. Furthermore limits on H-RPV scenarios with A" jfc are derived. 

A search for exotic particles decaying to a WZ final state in the letponic de- 
cay channel |45j has been accomplished. Two different model interpretations are 
investigated. A sequential SM model with a heavy SM-like charged vector boson 
W -> WZ -» M + v and a TechniColor (TC) model with the technihadrons pre 
and tttc representing bound states of a new interaction, giving rise to the reaction 
Pre —s- WZ — ¥ Sl + i>. The W boson can be reconstructed with a two-fold ambiguity 
in longitudinal neutrino momentum. As choice is being taken the smaller \p v z \ solution 
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which is right in 75% of cases. A mass dependend cut on the scalar sum of transverse 
lepton momenta is applied for improved background reduction. Exclusion limits at 
95% C.L. are set for a sequential SM W' boson of mass Mw' — 1143 GeV. Technicolor 
exclusion limits are set for the techni-rho mass in the range 167 < M PTC < 687 GeV 
assuming M„ TO — 3/4M pTG — 25 GeV and in the range 180 < M PTC < 938 GeV 
assuming M PTC < M nTC + Myy- 

A search for W' — > Iv with I = e,fi and /Et in the final state [15] is in- 
terpreted in the sequential SM and also within the framework of Univeral Extra 
Dimensions (UED). The transverse charged vector boson mass distribution Mt = 

\jl"pT' $t ■ (1 — cosA4>e,v) is shown in Fig. with good agreement between data and 

SM background. Exclusion limits are set at 95% C.L. for the mass of a SM-like W 
boson of 2.5 TeV (right-handed) and 2.63 TeV [2.43 TeV] for constructive [destruc- 
tive] W — W interference (left-handed) . Higher order electroweak corrections at high 
masses reduce interference effects. A re-interpretation in a UED model provides limits 
in terms of the Extra Dimension (ED) radius R and the Dirac mass term /x, whereas 
no sensitivity to n > 4 ED modes is obtained yet. 

A search for new physics in highly boosted Z —> fifx events [UJ is accomplished and 
interpreted in the context of an excited quark from gauge and contact interactions in 
the decay channel q* — > qZ and Z — > /.i/i. Due to the highly boosted Z boson decay 
the two muons are expected to be collinear. Therefore the muon isolation check has to 
take properly into account another close-by muon. Furthermore the invariant dimuon 
mass has to be consistent with the Z boson mass. Exploiting the 1/pt(mm) spectrum 
a robust Drell-Yan background template function can be constructed covering all 
events up to the highest The relative coupling strengths fsu{2) = f'u{i) = ^ 

SU(3) 

and < fs y ' < 1 are assumed. The scale where the interaction becomes effective 
is set to the mass of the excited quark: A — M q *. Exclusion limits at 95% C.L. are 
obtained on the production cross section times branching ratio. Under the premisses 
of M 9 » = A, f = f = f s = 1 mass limits of M q * — 1.94 TeV in gauge production and 
M q * = 2.14 TeV in contact interactions are established. For the contact interaction 
scenario a large phase space is excluded, encompassing fs = for masses up to 
M q , = 2.18 TeV. This has to be compared with the HI limit gS] at M r = 252 GeV. 




M T [GeV] 1/R[TeV] 

Fig. 9. Transverse mass distribution of the final state electron and IpT due to the neutrino, 
in data compared to SM background (left). A potential W' signal with M w i — 3.5 TeV is 
superposed. To the right exclusion limits of Universal Extra Dimensions are derived for the 
Dirac mass term fi as a function of the inverse radius of the extra dimension. 
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A search for a heavy neutrino and a right handed W boson is pursued |49] . In 
a right-left symmetric model extension of the SM a right handed charged vector 
boson decays into a muon and a heavy neutrino: Wr — > fj, + Np whereas the heavy 
neutrino in turn decays into a muon and an off-shell right handed charged vector 
boson: —> fjW^. The right handed boson decays then finally into a quark antiquark 
pair: W R — > qq. Therefore the signature of the signal consists of two muons and 
two jets in the final state. Exclusion limits at 95% C.L. are set on the production 
cross section times branching ratio for various masses mw R in the multi-TeV range. 
Limits are also obtained in the two dimensional phase space spanned by the heavy 
neutrino mass Mjsj and the charged right handed vector boson mass M\\r R assuming 
equal couplings in the left and right sector and no alternative decay channels. Heavy 
neutrino masses are excluded up to Mjv =1.5 TeV and charged right handed vector 
boson masses up to Mw R = 2.5 TeV. 

A search for new physics in the dijet angular distribution is performed [SO]- The 
distribution is sensitive to the spin of the exchanged particle and shows no strong 
dependence on PDF's. At least two jets are required to determine the observable 
Xdijot = exp(|yi — 2/2 1 ) which goes over in the limit of massless jets to the expres- 
sion (1 + |cos#*|)/(l — |cos#*|). The differential distribution da / dxdijet is flat for 
Rutherford scattering. Quark compositeness reveals through characteristic deviations 
from a flat distribution. The data are corrected for detector effects and compared to 
NLO theory including non-perturbative corrections for hadronisation and Multiple 
Parton Interactions (MPI). Exclusions limits are set at 95% C.L. on the production 
of different color- and isospin-singlet models with constructive and destructive inter- 
ferences between QCD and the contact interactions. Contact interaction scales A are 
excluded up to 14.5 TeV depending on the model. The limits have been derived on 
the reconstructed final state as well as on the for detector effects corrected hadronic 
final state. Both methods give consistent results with respect to each other. 



Conclusions 

The CMS experiment is a multi-purpose detector successfully operated at the LHC 
where predominantly pp collisions take place at various centre of mass energies up 
to y/s — 8 TeV to-date. Results of measurements and searches in pp collisions at 
= 7 TeV are reported, covering particle identification, Standard Model physics, 
heavy flavour physics, top quark physics, Standard Model Brout (alias Higgs) boson 
physics, searches for supersymmetry and exotic signatures. A vaste phase space has 
already been probed and still more will be explored. 
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